10/564876 

WO 2005/007833 PCT/AU2004/000962 

(AP20 Rss'ci 17 JAN 2006 

Bacillus strain isolate with fungal suppression activity 



Field Of the invention 

The invention reli^ to use of bact^a for controlling growth of a fungus and to 
\is6 of bacteria fox treating a plmt or ammal liaving a fimgal infection. 

5 Background of the invention 

• ■ 

MdXiy plants and animals are susceprtible to infection by iungi. For example^ 
pasture crops and subterranean clovers are susc^tible to Pf^ophthora clandestina^ 
Fhythnan irtegulare^ Fvsarium acuminatum^ Fmaritan avenaceum, CoUectrichium 
gleosporiodesp Sclerotinia minor and Sclerotifiia scleroiiorwn't grain, pulse and oil crops 

10 are susceptible to Phytophthora medicaginis^ Pythmm ulHmum, Fusarfum culmorum, 
Fusarium graminearum, Cochtiobulus sativa, Bipolaris sorokiniana, Gaeumannomyces 
graminis, PJeochaeta setasa and BhizQctonia sokmi; J&uit» vegetable and nut producing 
plants ate suscqitible to Phytophthora cactonm^ Phytophthora dtrophthora^ 
Phytophthora ciyptogea, Phytophthora erythroseptica^ Phytophthora . ptxrasitiea, 

15 PhyiiegibthQta soja^ Aphmomyces spj>., Botryti& ctnera^ CoUectrichium orbiculare^ 
Momlinia fructicola^ Monilia Spp., Sclerotinia ^ rolfiii^ Aspergillus parasiticus^ 
Aspergillus^ Jlavus^ Lasfodipiodia theobromae^ Phomopsis viticpta^ Mucor spp. and 
Aspergillus nig^; and ornamentals and wood producing plants are susceptible to 
Phytophthora palmivoraj Schizophyllum commune and Coriolus spp. 

20 Many fungi infect animals and exanqples include those cs^able of infecting 

himian skin: Microsporum gypseum^ Microsporum canis^ trichophyton nArjan^ 
Trichophyton mentagrophytes and Trichophyton tonsurans. 

As tew plants or animals aie chdract^sed by fiuigai resistance, the management 
and control of infection and disease often requires the use of chemical fungicides.. A 
25 limitedon apphes to tbe use of fungicides because of the efiEbct of such compounds on 
human health and the environment Furth^, fimgicides tend to be e^qpensive. 

There is a. need for new products and processes for controlling growth of fimgi 
that are capable of infecting plants and animals. 
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Summary of the invontion 

The invention seeks to at least minimise one of the above limitatLons and in one 
.aspect provides an isolated Bacillus strain for $i]^>prossing the growth of a fungus. The 

stoiin includes a nucleic acid molecule having the nucleotide sequence shown in SEQ ID 

• * 

5 NO:l (Figure 1), or a nuddLc add molecule that.has at least 97% nucleotide sequence 
identity wxfii a seqtience $hown in SEQ ID N0:1. 

In another aspects the invention provides an isolated Bacillus, strain for 
suppressing the growth of a fungus. The strain has a genome that has at least 70% DNA- 
DNA similatity to the genome of a Bacillus strain according . to Accession no. 
(0 NM03/36700 and a melting temp^atme that is about the same as the melting lemperatuze 
of the genome of a Bacillus strain according to Accesaion no, NM03/36700. 

In another aspect, the invention provides an isolated Bacillus strain according to 
Accession no. NM03/36700, 

In another aspect, the invention proyides a bacterial strain for supi»pessing die 
•IS growth of a fimgus. The strain is one produced by the Sbnowing steps; 

(a) exposing a strain as described above to conditions to produce one 
or more uuitant strains; and 

(b) selecting a mutant stram that is capable of suppressing the growth 
of a fimgus and that ha$ the nucleotide sequence shown in SEQ ID NO;l (Figure 1 ), or a 

20 nucleic acid molecule that has at least 97% nucleotide sequence identity with a sequence 
shown in SEQ ID NO:l. 

In another aspect* the invention proyides a bacterial strain for suppressing the 
growth of a fimgus: The strain is one i>roduced by the following steps: 

(a) expodng a strain as described above to conditions to prodoee one 
25 or tuore mutant strains; and 

(b) selecting a mutant strain diat is capable of suppressing the growth 
of a ftmgus and that has a genome that has at least 70% DKA-DNA similarity to the 
genome of a Bacillus strain according to Accession no. NM03/36700 and a melting 
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temperature tbat is about the same as the tnelting temperature of the genoxnc of 3, Bacillus 
strain accordixig to Accession no. NM03/36700- 

In another aspect, the mvention provides a composilion for suppiessing the 
growth of a fungus. The composition is characterised in being one produced by a Bacillus 
5 'Strain as described above. 

In another aspect^ the invention provides a process for producing a compositiQn 
ftir suppressing the growth of a fungus. The process includes the step of maintaining a 
fiadUns strain as described above, in conditions for pexmitting flie strain to produce the 
conmosition. 

10 In another aspect, the invention provides a process foe si^ressing the growth of a 

jfungos. The process ifliOlndes the step of contacting the fungos with a Bacillus' stram 
described above^ or with acompo^tion produced by the strain. 

In another aspect, the inveixtion provides a process for treating a fimgal infection 

> • 

.in a plant or anhnaL The process includes contacting the plant or Bmmal with Bacillus 
\5 strain as described above^ or with a.composition produced by fbe strani. 

Brief description of the drawings 

Figure 1. 16S iDNA. sequence ofQ60. 

Figure 2. 16S rDNA extended-sequence phylog^etic tree. 

Figure 3. Configuration of bioassay. 
20 . Detailed description of the embodiments 

As described herein, the inventor has found an . isolate of bacteria according to 
Accession no. NM03/36700 diat h^ utility in suppressing the growth of fungi that cause 
disease in plants axui animals^ including humans. 

The inventor has identified ttxe isolate as being within the genus BacUlus, 
25 Specifically, the inventor has found that the isolate contains a unique 16$ ribosome PNA 
molecule that includes the sequence shovvn in Figure 1 . Although the sequence of the l6s 
ribosome DNA molecule is hereto&re unknown, it is characteristic of the 16s ribosome 
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DNA molecules of other Bacillus species. Accordingly, the inventor has found that the 
isolate is within the genus Bacillus. 

The inventor has also found that the isolate is a new bacterial q)ecies. 
SpecificaUy, by determining the relatedne$$ of the nucleotide sequence of the genonle of 
S the isolate to the genomes of other known Bacillus species (i^e. detemunixig DNA-DNA 
similarity of genomes), the inventor has found chat the known Bacillus species have less 

« 

.than 70% similarity to the genome of the isolate. As described herein, the relatedness of a 
nucleotide sequence of an isolate to the genome of another species is detemiined by 
;faybridising tti^ genomes and measuring the amount of hybridisation between the 
10 'genomes. As the known Bacillus species have less than 70% similarity to the genome of 
the isolate, the isolate is a h^rtofore unknown ^ectes of tihe gemis^ Bacillus. 

The inventor believes that other strains of this species XbsX are c^iable of 
suppressing the growth of fungus that cause disease in plants and animals could be 
identified by determining the Sequence of the 165 ribosomal gene of these strains, and/or 
15 by detexmimng the DNA-DNA similarity of the genomes of these straics to the genome 
•of NM03/36700. 

For example, a 16 ribosomal DNA molecule having a sequence shown in Figure 
1, or a molecule that has one or more points of nucleotide sequence diGTerence to the 
sequence shown in Figure 1, more particularly, at least 97% nucleotide sequ^ce idmlity 
20 to the molecule shown in Figure 1, could be used to identify the other strains of this 
species that are enable of suppressing the growth of fimgus that cause disease in plants 
md animals. 

Further, a genome that has at least 70% DNA-DNA similarity widi a genome of a 
strain according to Accession no. NM03/36700 and a melting temperature that is about 
25 the same as the melting temperature of the genome of a Bacillus strain ^cording to 
Accession no. NM03/36700 identifies other strains of the species that are capable of 
suppressing the growth of fungus that cause disease in plants and animals. 

Thxis it will be understood that a strain that is enable of suppressing the growth 
of fungus that causes disease in plants and ammals, and that ha$ a 16 ribosomal DNA 
30 molecule having a sequence that has at least 97% nucleotide sequence identity to the 
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molecule shown in Figure 1, or that has a genome that has at least 70% DNA-DNA 
suniiarity vdth a graome of a strain according to Accession no. NM03/36700 and a 
•melting temperature ihat is about the same as the melting temperature of the genome of a 
Bacillus strain according to Accession no. NM03/36700, is a strain of the mvention and 
5 is within the scope of the invention. 

Accordingly^ in one aspect, the invention provides an isolated Baoillus stnun for 
•suppressing, the growth of a fungus^ the strain including a nucleic acid molecule having 
*the nucleotide sequence shown in Figure 1 . 

In one embodiment, the strain includes a nucleic acid molecide that has at Iea$t 
10 :97% nucleotide sequence idmtity with the nucleotide sequence shown in Figure 1, 
iPreferably, the strain includes a nucleic acid molecule that has 98% sequence identity 
with the nucleotide sequence shown in Figure 1. More preferably, the strain includes a 
nucleic acid molecule that has 99% sequence identity with the nucleotide sequetxce 
shown in Figure 1. 

IS In another aspect, the invention provides an isolated Bacillus strain for 

suppressing the growth of a iungu$» the strain having a genome that has at least 70% 
DNA-DNA similarity to the genome of a Bacillus strain according to Accession no* 
NM03/36700 and a melting temperature that is about the same as the melting temperature 
of the g^ome of a Bacillus strain according; to Accession no. NM03/36700. Preferably 

20 die strain has a genome that has at least 75 % DNA-DNA similadQr to the genome of a 
Bacillus strain according to Accession no. NM03/36700. Preferably the strain has a 
genome that has at least 80 % DNA-DNA similarity to the genome of a Bacillus stxain 
accordmg to Accession do, NM03/36700. Preferably the strain has a genome that has at 
least SS % DNA-DNA similarity to the genome of a Bacillus strain according to 

25 Accession no, NM03/36700. Preferably the strain has a genome that has at least 90 % 
DNA-DNA similari^ to the genome of a Bacillus strain according to Accession no. 
NM03/36700. Prdferably the strain has a genome that has at least 95 % DNA-DNA 
similarity to the genome of sl Bacillus strain according to Accession no. NM03/36700. 

In another aspect, the invention provides an isolated Bacillus strain according to 
30 Accession no. NM03/36700. The method for isolating this bacteria, its growth 
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requirements and charactOT$tics axe described fuxth^ herein. This bacteria has particular 
utility in inhibiting growth of fongj thdt cause disease in plants and animals, including 

■ • * 

iiumans. 

One could isolate a strain of the invention, for example, one that includes a 
5 imcleic acid molecule having at least 97% nucleotide sequence identity wifli the 
nacleotide sequence shown in Figure 1, or one having a genome that has at least 70% 
DNA-DNA similarity with a genome of a strain accoidin jg; to Accession no. NM03/36700 
•and a meltmg ten^erature ibat is about the same as that of NM03/36700, and that is 
capable of suppressing the growth of a fungus that causes- disease in plants and fflii mf ^T?^ 
10 by screening such a strain for activity in the suppression of growth of fungi selected fiom 
the group consisting of Pkytophihora clandestina^ Pkythium vr^gulare, Fusarium 

» 

acumincuum^ Fitsariim avenaceum, Collectrichium ^easporiodes^ Sclerotinia minor^ 
Sclerotmia sclerotiomm, Phytophthara m^dicaginis, Pyfhium ultimvm^ Fusarium 
culmarum^ Fusarium grammearum^ Cochliobulus sattva^ Sipotaris sorokiniana^ 

15 Gaetmannomyces graminis^ Pleochaeta skosa^ Rhizocronia solani^ Pkytophihora 

■ .■ 

cactorum^ Phytophthora citrophthcra^ Pkytophihora cryptogea^ Pkytophihora 
erythraseptica, Pkytophihora parasitica^ Phytophthora sojae, Apkandmyces spp., 
BotrytiS ctnera^ CoUectnchium orbiculare^ Monilinia frucHcola, Monilia spp., 
Sclerotinia ro^sU^ Aspergillus parasiticus^ Aspergittus flavus^ Lasiodiplodia Aeobromae, 
20 Pkomopsis viticola, Mucor spp,, Aspergillus niger, Phytophthora pabnimra, 
Schizophyllum commune, Cariolus spp., Microsponan gypswm^ Microsporum canfs^ 
Trichophyton rubrum and Trichophyton mentagtcphytes. The sequence of the 16 s 
ribosomal gene and the % DNA-DNA similarity could be determined before or after the 
antifungal activity of the strain is detennined. : 

25 In one embodimesut^ die strain of the invention is capable of suppressing growth 

of a fungus that is capable of growing on pasture crops and/or subtenanean clovers. 
Examples of such fimgi include Phytophthora dandestina^ Phythhm irregulare^ 
Fusarium acuminatum^ Fusarium avenaceutn^ Collectrichium gleosporiodes^ Sclerptima 
minor and Sclerotinia sclerotiorum. 

30 In another embodimeait, the strain is capable of suppressing die giowth of a 

fimgus diat is enable of growing on grain,, pulse and/or oil crops. Examples of sudh 
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fungi include Phytophthora medicaginis, Pythium ultimum^ Fusarium cubnortiniy 
Fusarium graminearum^ Ckichliobuhis sativd\ .Bipolaris sorddtdona^ Gaeumannomyces 
gramtniSy Pleochaeta setosa and Shizoctonia solanl. 

In another embodiment, the strain is capable of siq^pies^g the growth of a 
5 fungus that is capable of growing on jfruit, vegetable and/or nut producing plants. 
Examples of such fungi include Phytophthora cactorUm, Phytophthora citrophthora^ 
Phytophthora cryptogea, Phytophthora erythroseptica, Phytophthora parasitica^ 
Phytophthora sojae, Aphanatnyoes spp., Botrytis cinera, CoUectrichium orbiculare, 
Monilinia fructicola, Monilia spp., Seie^tlnia rolfsiU Asper^ttiss parasiticus^ 
10 Aspergillus flavus^ Lastodiplodia theobromae, Phqmopsis viticola^ Mucc^ spp. and 
Aspergillus niger. 

Id another embodiment, the strain is capable of suppressing the growth of a 
fungus that is capable of growing on omammtals and/or wood producing plants. 
Examples of such fungi include Phytophthora pabrnvcra, Schizophyiltan commune arid 
1 5 Coriobis spp. 

In another embodiment, the strain is enable of siippressing the growth of a 
fungus that is capable of growing on human skin- Examples of such fungi include 
Microsporum gypseum, Microsporwn canis^ Trichophyton rubrum and Trichophyton 
mentagrophytes, 

^0 The inventor recognises that a strain that has a phenotype that is distinguished 

from the strain according to NM03y36700, or in other words, a strain having a mutant 
phenotype, and ^t has a capacity to si^press growdi of fimgi that cause disease in a 
plant or animal^ such as those plants and animals described above, could be produced by 
following standard techniques. For example, one could produce a . strain that has a 

25 capacity to suppress growth of fungi that cause disease in a plant or an anhnal and that 
has tolerance to UV, salt or heat, or that has antibiotic resistance^ motility or imdospore 
production. Processes for producing these strains are described further hereiiL 

Thus in another aspect; the invention! provides a bacterial strain for suppressing 
the growth of a fungus. The strain is one produced by the following steps: 
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(a) exposing a strain as described above to conditions to produce otie 
or more.mutant strains; and 

(b) selecting a mutant st^aiQ that is capable of suppressing the growth 
lof a fungus and that ha$ the nucleotide sequence shown in Figure 1, or a nucleic acid 

5 'molecule that has at least 97% nucleotide sequence identity with a sequence shown in 
Figure 1. 

In yet another aspect, the invention provides a bacterial stram for suppressing the 
growth of a fungus. The stiaia.is one produced by tiie following steps: 

(a) exposing a strain as described above to conditions to produce one 
10 or more mutant strains; find 

(b) selecting a mutant strain that is capable of 5iq)pressiiig the growth 
of a fungus and that has a genome that has at least 70% DNA-DNA similarity to the 
genome of a Bacillus strain according to Accession no. NM03/36700 and a melting 
te30txperature that is about ttie same as the melting temperature of &e genome of a Bacillus 

15 strain according to Accession no. MM03/36700. 

In one embodimcsnt» the strain according to Accession no. NM03/36700 is 
exposed to conditions for producing a mutant etraixi that has salt tolerance. 

la anottier embodiment, the strain according to Accession no. MM03/36700 is 
exposed to conditions for producing a mutant strain that has XJV tolerance. 

20 In another embodiment^ the strain according to Accession no. NM03/36700 is 

exiiosed to conditions for producing a mutant stxain that has heat tolerance. 

In another embodiment, the strain according to Accession no. NM03/3670b is 
exposed to conditions £br producing a mutant 'strain that has antibiotic resistance. 

It will be undmtood that the conditions for producing the mutant strain are those 
25 enable of produdng the desired mutant ph^otype. For example, the conditions for 
producing a mutant strain that has salt tol^ance may include serial passage of the strain 
according to Accession no. NM03/36700 through media so as to expose the strain to 
increasing salt conc^trations. 
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Alternatively^ the conditfons for producing the mutaat strain may include 
introducing a nucleic acid molecule into the strain according to Accession no, 
•NM03/36700. This is a preferred ^preach for producing a strain that has antibiotic 
resistance. 

5 Typically, the mutant strain is selected that is capable of suppressing the growth 

of a fungus selected from the group consisting of Phytophthora clandestina^ Phythium 
Jrregularet Fusarivan acunanatum, Fusarium avenacetan^ CottectHckiunt gleosporiodes, 
ScUnroUnia minor^ Sderotinia sderotlonm^ PhyU^hthora medicapnis^ Pythhtm 
ultimum^ Fusarium cutmorum^ Fusarium grmnnearum^ Cochliobulus saUva, B^foiaris 

* 

t 

10 "sorokiniana^ Gaeumarmomyces graminis, Pleochaeta setosa, Rhisuictonia solani, 

Phytophtlu>ra cactorum^ Phytophthora dttophthora^ Phytophthora cryptogea, 

.Phytophthora erythroseptica, Phytophthora parasitica^ Phytophthora soja^ 

'Aphanomyces spp., Botrytis dnera, CoUecttichium orbiculare, MoniUnia fruciicola^ 

■ 

Monilia spp., Sclerotinia rolfsiU Aspergillus parasiticus^ Aspergillus flavus^ 
15 . Lasiodiplodia theobromae, Phomopsis vitlcola^ Mucor i^p., Aspergillus niger^ 
Phytophthora ^ patmivora, Schizophyllum commune^ Coriolus spp., Microsporum 
gypseum^Micrt^^rum eanis^ Trichophyton ruhrum and Trichophyton mentagrophytes^ 

in another aspect* the invention provides a strain for suppressing growth of a 
fimgtts that causes disease in a. plant or .animaL The strain is characterised in being one 
20 derived from an isolate accordins to Ajccession no. NM03/36700. The strain may be 
derived by ftie steps of (a) and (b) described above. 

In one (mibodiment, the isolated strain is salt tolerant 

* 

in another embodiment, the isolated strain is UV tolerant 

It will be understood tiiat the strains of the invention may be provided in a 
25 composition in a granulated or powdered fonn. For example, they may be coated on a 
plant seed that is to be protected from fungal growth to provide a composition in 
powdered or granulated form. 

They may also be provided in a composition as a liquid fi>zm. 
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These compositioiis may be ad^ted ifor dilution in a solvent such as water to 
provide a composition comprising strains of the invention at the desired concentration. 

Methods for producing these compositions are described further herein. 

As described herein, the inventor has -analysed the suppression of fungal growth 

5 by strains of die invention and has found that at least one compound pioduced by these 

- strains has an effect on growth suppression because the supernatant component firom the 

culture of these baote^iia has growth suppressive effects on fungi. The inventor has also 

» 

shown thai at least one compound produced by these bacteria is heat stable. 

The inventor recognises that the compositions produced by the strains of the 

10 invention that, have growth suppressive efiects on fungi are particularly useful for 

si:q>pressing fungal growth on plants and animals. In particular, the inventor recognises 

fliat these compositions will be particularly nscfiil for suppressing gro^vth of a fungus 

selected Scorn the group consisting of Pkytcphthora clandestina, Fhythium irregulare, 

Fusarium acimmaium, Fusarium avenaceum, CoUectrichium gleosporiodesy Sclerotima 

» 

IS minor, Sdlerotinia scleroiiorum, Phytophthora medicaginis, Pythium ultimum^ Fus€wium 

cubnorumw Fusarium graminearum^ Cochliobidus sattva, B^laris soroPaniana^ 

» 

Gdeumannontyces graminis, Pleochaeia setosa, Rhizoctania solani, Phytophthora 
cactorum, PkytophAora ciirophtkora^ Phytophthora cryptogea^ Phytophthora 
efyihros^iica^ Phytophthora parasitica^ Phytophthora sojae, Aphanomyces spp., 
20 Botfytis cinera, CoUectrichitim orbidilarej Monilinia fructicota^ Monilia spp., 

♦ * 

Sclerotinia rqlfsU^ Aspergllhds parasiticus, Aspergillus flavus, Lasiodiplodia theobromae, 
Phomopsis viticola^ Mucor spp.> Asper^lus niger, Phytophthora palmivora, 
Sehizophyllum commune, Coriolus spp.> Micrasporum gypseum, Microsporum canis. 
Trichophyton r&brum. and Trichophyton mentagrophytes, because the inventor has shown 
25 diat the strains of the invention suppress the gkowth of these fungi. 

■ 

Accordingly, m another aspect, the invention provides a process for producing a 
conc^sition for suppressing the growth of a fungus that causes disease in a plant or 

« 

animal including maintaining a strain of the. invention in conditions for permitting the 

* • 

strain to produce the composition^ These coA<iitions are described further herein. 
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In another asfpect, the invention provides a composition for suppressing growth of 
a fungus that is capable of growing on plants or animals, the composition being one 
produced by a strain of the invention. The strain of the invention be aceorAing to 
Accession no. NMQ3/36700. The strain may be one including a nucleic acid molecule 
5 having the nucleotide sequ«ce shown in Figure 1, or a nucleic acid molecule that has at 
least 97% nucleotide sequence identity with a sequence shown, in Figure 1 . The strain of 

■ 

the invention maybe one inchuling a gsiome that has at least 70% DNA-DNA similan^ 
to the genome of a Bacillus strain according to Accession no. >IM03/36700 and a melting 
* temperature that is about the same as the melting tGrnporaXmo of the genome of a Badtlus 
10 strain according to Accession no- NM03/36700. 

It will be understood that the cpmpo^ons produced by the strains of the 
invention noiay be provided as a formulatioh in a granulated or powdered form. For 
exaniple, they may be coated on aplant seed that is to be protected icom jEimgal growth to 
provide a formulation iii powdered or granulated form. 

IS They may also be provided as a fbrmu)ation in aliquid form. 

These formulations may .be adapted for dilution in a solvent such as water to 
provide tiie composition at ttie desired concentration. 

Mediods fbr producing these compositions are described lEhrther hetrin. 

As described herein, the inventor has found that siiq>pression of fungal growth^ or 
20 in other words, inhibition^ retarding or slowing or iungal growth, can be achieved by 
contactkkg a fungus wilh a strain of the invention, or a composition produced by the 
strain. For example^ the inventor has found that a strain of the invention^ or a 
composition produced by the strain is capable of siqppiesdng the growth a fimgua 
elected fiom the group consistii^ of Ff^ophtlwra clandesttna^ Pk/Mum irr^gulare^ 
25 Fmarium acuminatum^ Pusarium avenaceum, CoUectrichium gleosporiodes^ Sderotinia 
mmor» Sctetotinia sderotlorum, Phytophthora medicagijiiSy Pythium uUimum^ Fusarium 
culmomm. Fusarium graminearum^ Cochliobulus sativa^ Bipolaris sorokiniana, 
Gaeumatmotnyces graminis, Pleochaeta setasa^ Rhizactonia solani, Phytophthora 
cactorum, Phytophthora citrophthora^ ^Phytophthora cryptogea^ Phytophthora 
30 erythroseptica^ Phytophthora parasitica, Phytophthora sojae, Aphanomyces spp.» 
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*BQtrytis clnera^ Collectrichium orbictdare^ Monilinia fimcticotay MonUia spp^ 
jScIerotinia rolfsii, Aspergillus parasiticus, Aspergillus flavus^ Lasiodiplodia theobromae, 
Phomopsis yiticold^ Mucor spp., Aspergtllus niger, Phyiophthora palmivora^ 
Schizophyllum commune^ Coriolus Spp,, Microsporum gypseum^ Micrasporum canis^ 
5 Trichophyton rubrum and Trichophyton mentagrophytes. 

Accoidiagly, in another aspect, the invention provides a process for suppressing 
the gicowth of a fimgos that causes disease in a plant or animal, the process includiiig the 
step of contacting the fiingus with a strain pf the invention or a composition produced by 
'the strain. 

10 In another aspect, die invention pxovides a process for treating a fungal infection 

in a plant or animal, the pp:>ce$$ including contacting the plant or animal with a strain of 
the invention, or with a oo^^x>ation produced by the strain. 

In the above described processes^ the strain of the invention may be according to 
Acce$$ion no. NM03/36700. The strain may be ooe including a nucleic acid molecule 
IS having 'die nucleotide sequence shown in Figure 1, or a nucleic acid molecule that has at 
least 97% nttcleotide sequence identity with a sequence shown in Figure 1. The strain of 
the invention maybe one including a genome*that has at least 70% DNA-DNA sinoalarHy 

to the genome of a BadUus strain according to Accession no. NM03/36700 and a melting 

» 

temperature that is about the same as the melting temperature of th& geiKinie of a Bacillus 
20 strain according to Accession no. 1^03/36700. 

la agricultural applications^ a strain of the invention can be sq;kplied by sprays, 
seed coats, granular ^plications etc. 

In medical or veterinary applications, 'a composition produced by a strain of the 
invention can be applied topically, jfbr example as a cream, lotion, spray or inhalant 

• * 

23 The fbregoing describes embodimratsi of the present invention and modifications, 

» 

obvious to those skilled in the ait can be made thereto, without departing fix>m the scope 
of the pxesent invention. . 
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Example 1 Identification of C60 

Partial 16S rDNA and extCTded 16S rDNA sequences were obtained via 
coramCTcial testixig at the Centre for Bacterial Diversity and Idaotification, Australian 
Collection of Micxoorganisms, School of Molecular and Microbial Sciences, The 
S University of Queensland, Australia. 

A culture of C60 strain was grown in .p^tone yeast extract broth (PYQ at 37^C 
for 16 hours- Genomic DNA was extracted fiom a 5 jjjL broth culture using a FastDNA 
Spin Kit for Soil (BIOlOl) according to die manufactuxer's instructions. The extracted 
DNA was separated using a 1% agarose (1 x TAE) gel. 16S PGR was peffozmed using 
10 ttie 27F and 1429R primers, die sequences of which are shown in Table 1. 

Table 1: Primer sequences for 16S rDNA bacterial identiflcatSoii 



Primer Sequence . 

27F AGA GTT TG A TCM TGG CTC AG 

1429R TACGGYTACCTTGTTACGGACTT 

907R CCGTCAATrCMTTTRAGTTT 

M=CorA; Y«CorT; R«AorG 



PGR amplification was perfctmed initially in volumes of 25 |iL containing a final 
concentration of Ix reaction bufier (Promega), 1.4 nsM MgCli. 200 pM dNTPs, 200 
IS ng/'^iL 27F and 1492R (Invitrogpn), 1 U AmpiTaq Gold polymerase G^mc^) and 2 pL 
DNA template. Anqilifi^tion was performed using a DNA Thenual Gyclo- (Hybaid 
OmniGene, iotegrated Sciences). The cycling conditions fox the PGR are descdbed in 

* • 

Table 2. 

Table 2: PCR tihermal eyding conditioiis for 16S amplifieation 
Step Temperature (^C) Time (minutes) 



Number 

1 96 9 

2 48 1 

3 . 72 .2 

4 96 1 

5 Go to Step 2 for 30 cycles 



wo 2005/007833 PCT/AU2004/000962 



14 

6 48 1 

7 72 5 

8 25 Hold 

The products of the PGR wcxc sQ>araCed by gel electrophoresis on a 1% dgarosd 
.(Piogcn Cat. # 200-0011) gels prepared using Ix Tris-acetate EDTA (TAB) bufTer (40 
iXsiM Tris^acetate, 2.5 mM EDTA - pH 8,0), QOOtaining 1 ixg/mL eHiidluni brpmide. The 
>gel5 weie visualised using UV illumination.. Positive i;ontcoI$ were run for all PGR 
5 ^pTtscedures while the negative coutcote consisted of the reaction mixture with no added 
template. 

The presence of a 1,500 hp band foir the sample and ttie positive control was 
confitmed by comparison with a molecular wmght marker (100 bp ladden Promega), The 
16S procedure was then repeated using 100 jiL rerotion mixture volumes for increased 
10 product fiar purification. Fallowing this an^lification procedure the 16S product was 
purified using a Wizard Purification Kit following the mamifactur^s protocol and a 
sequencing reaction performed. 

The sequencing reaction was perfbrmisd udng a protocol &om ABL Briefly, the 
arqplification was pcdbimed in 10 volume reactions, consisting of 4 (iL Big Dye 
15 Terminator reaction mix (BDT Version 2.0), 0.5 jjlL 200 ng/fiL primer, 1.5 jiL purified 
16S product and 4 |iL steiile water. Separate reactions were performed usmg three 
primers, 27F, 907R and 1429R, as listed in Table 1. A DNA Thermal Cycler was then 
used to anaplify the DNA following cycling conditions as listed in Table 3. 

Table 3: PCR cycling conditions for sequencing amplification 

Step Temperature (^C) Time 
Number 

1 96 2 minutes 

2 96 30 seconds 

3 50 ISsecotids 

4 60 4 minutes 

5 Go to Step 2 for 24 cycles 

6 . 25 Hold 
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After amplification the extension products of the . sequencing reaction were 
purified usii^ the isopropanol protocol recommended by the ABL Purified final 
products wwe submitted to the Australian Geuome Research Facility for gd separation. 

The results of a DNA analysis ore shown in Figure 1 . 

S A partial sequencing yielded a 700 base pair (bp) sequence. Aaalysis of fiie partial 

DNA sequence gave a range of organisms that could be related to the unknown baotmal 
strain however the C60 strain did not have a complete identity with any recorded species. 
Extended DNA sequence analysis was. carried out to iiirther identify the closest 
phylogenedc relatives of the unknown strain. The extended DNA sequence obtained was 
10 1,440 bp (Figure 1). 

From the esctended DNA sequmce the bacterial strain can be posittoned into a 
F^ylog^etic tree according to the relative homology vrith the DNA sequences of other 
bacterial species (Figure 2). C60 is listed as 'C5724402 Full Sequence' in this figure. 

The identified, named bacterial species showing the closest genetic similarity to 



15 C60 are Bacillus subdUs (ATCC 2133 1) and BacUlus atnyloliquefaciens (ATCC 23350). 

la addition to the phylogcnetic tree, a similarity matrix was generated to indicate 
the percentage identity between the C60 strain and those known sequences. This 
similarity msitiix (Table 4) indicates the percentage DNA matches of 99.72% for B. 
subtilis 81 and 99.71% for B. arnyloliquefaciens. Bacillus spp. 151, 152 and J54 all had 
20 99.86% similarity to q)ectes Ceo, but ndth^ has been localised to belonging to a given 
species of the Bacillus ssnas. 

Table 4; Genetic sintOarify of 16 S of C60 to other bacterial strains 



Strain C60 % Genetic Match 

C60 100.00 

Bacittus sp. 1 5 1 99.86 

BacUlus sp. 154 99.86 

Bacittus sp. 1 52 99.86 

B.subtilis SI 99 m 

B. amyloliquefaciens 99.71 

B. vallismartis 99:65 
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B. subzilis 65 99.56 

B. cUrophaeus 99.43 

B. mq/avensis 99.43 

B. subtilis 79 9936 

B, subtilis 22 99.29 

B. Uchenifarmis 9Z23 

B. pumilus 97.45 

B, oleronhfs 95.18 

B. pallidus 93.41 

B. 93.3.0 
ihetmoalhalophilus 

jB. dettUriJicans 92.35 

B. 92.19 
stearothemiophiius 

B. 91.91 
themoamylavorans 

E, coli 78.00 

]h summary. Figure 2 and Table 4 both suggiest that C60 is a member of 

the genus, BaciUtnt. 

We next sought to determine whether C60 is a member of a known 
Bacillus species by perfonning a DNA^DNA hybridisation assay of the C60 
5 g»ome against the goaomes of the following bacterial species: BadUus 

amyloliquefadens Deutsche Sammhing von Mikroorganismen und 21elllcalmr6xi 
Gmbtt. Ocrmany (herein **DSM") 7, Bacillm subtiUs subsp. sptdzenn DSM 347, 
Bacillus subtUis subsp. subtUis DSM 10; Bacillus lichmifomus DSM 13; Bacillus 
vallismortis DSM 11031, Bacillus atrophaeus DSM 675> Bacillus pumilus DSM 
10 27andiBacf//M5 i?i£j/flve«.s/sDSM9205. 

The DNA-DNA analysis was performed by isolating DNA fiom the above 
described bacterial strains using a French pressure cell and was punfiied by 
chromatography on hydroxyiqjatite as described by Cashion et al. Wll Anal. 
Biochem. 81: 461-466. DNA-DNA hybridization was carried out as described by 
15 De Ley et al 1970 Eur. /. Biochem. 12: 133-142, with the modifications 

described by Huss et al 1983 System. AppL Microbiol 4: 184-192 and Escara & 
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Button 19S0 Biopofymers 19: 1315-1327, using a model 2600 spectrophotometer 
equipped with a model 2527-R thermopiogrammer and plotter (Gilford 
Ta$tniment Laboratories). Reoaturatton rates were computed with the 
TRANSEER.BAS program of Jalmke and Bahnweg 19S6 Trans. Sr. My. Soc 87s 
175-191. 

In the results shown in Table 4A, Bacillus sp. showed a moderate DNA- 
DNA similarity (67 A rep. 62.6%) to Bacillus dmylQliguefaciens DSM7, which is 
just below the threshold value of 70% for definition of bacterial epedes. None of 
the other DNA-DNA hybridisations indicated a relationship at the species level. 
In summary, the DNA-DNA hybridisation analysis suggests that C60 represents a 
heretoibre unknown Badllns species. 

Table 4 A: % DNA-DNA simUarity (in 2xSSC at GS^'Q 



Bacterial gmome 

Bacillus amyloliquefaciens DSM 7 



% DNA-DNA similarily to C60 
67.6; 62.6 



Bacillus subiilis subsp. spizizenii DSM 347 ?7.6 
Baciilus subtilis subsp. subtilis DSM 10 22.8 



Bacillus licheniformis DSM 13 
Bacillus yatlismoriis DSM 11031 
Bacillus atrophaeus DSM 675 
BadHus pumihis DSM 27 
Bacillus mojavensis DSM .9205. 



24.5 
29.5 



18.4 



283 



27.1 



The presence or absence of pla^mids in C60 was detennined using a 
TempliPhi 100 Amphfication Kit (Ameisham Biosciences 25-6400*10). Bacterial 
cultures of C60 was grown in 10 mL NB overnight before bdng centrifuged at 
10,000 rpm in a Beckznan Jl-UM/E* centrifuge for 4 minutes. The supernatant 
was discarded and the bacterial pellets resu^ended in the residual volume, 
henceforth referred to as saturated bact^al cultures. 1 (iL. saturated bacterial 
culture was added to 5 ^ sample buffer, after which flie mbe was capped and 
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heated to 95°C for 3 minutes then cooled to room temperature. 5 tiL reaction 
buffer wa$ mixed with 0.2 |iL enzyme mix and added to the microcentrifuge tube. 
The tube was vortexed briefly and incubated at 30°C for 4-6 hours- The sample 
was then heated to 65^C for 10 minutes and cooled to 4^*0 to inactivate the 
enzymes. Positive controls wei« prepared using positive control sample pioyided 
by the manu&u;turer in place of bacterial cultures. 

Amplified sample was digested using the restriction ^:izymcs BamHl and 
IBnd IIL 10 units of each enzyme (IjiL) was added to S fiL sample phis 13 \xL 
buffer in a st^e eppendorf tube. Digest mixtures were incubated at 37^C for 
one hour before being removed for electrophoretic visualisadon of a plasmid 
band. 

The electrophoresis gel was prepared by adding 1.5% w/v electrophoresis 

grade agarose (Progen CaL #200-001 1) in TB buffer. The mixture wa^ heated to 

» 

boiling in a microwave oven to dissdive the agarose before being removed and 
cooled to 60*'C. 10 p.L ctfaidium bromide stock solution (20 MS^mL) was added to 
the cooled agarose solution and poured into a large gel tray with a 20 well comb 
inserted. The gel was allowed to set before being placed into an electrophoresis 
tank (Bio-Rad) and filled with sufficiettt TB buffer to cover the gel 
(approximately 2 L). Restriction enzyme digested samples ttrera mixed wifli 2 |lL 
6 X loading dye (Promega G188A). Lambda bacteriophage DNA marker digested 
witti Hind m(XBindUI> was Q^ed to estimate the size of any band^ A 
constant 100 V was applied across the gel and the separation was nm for 1 hour, 
after which the gel was removed fioin the electrophoresis tank and visualised by 
fluorescence under UV light and photographed. 

In this analysis, the positive controls g^ve a single band, indicating that 
plasmid DNA was successfully ampilijGled. No evidence of extrachromosomal 
plasmids were detected in C60. jThe meOiod utilised amplifies plasmids 
re^irdless of size or copy number, ttiarefore the absrace of amphfied bands, in 
the presence of positive controls, indicates Hhsi C60 is unlikely to contain 
plasmids. 
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Example 2 Suppression of fungal growth using C60 or a composition 
tberefrom. 



A suspension of Bacillus C60 was prepared using one of two methods^ both of 
which were compared for consistency. The first method used C60 pi^ared fiom 24-48 
S hour ciUtures grown on nutrient agar (NA) at ZS^'C using a streak plate method. The C60 

bacteria were harvested fiom the plate by washing with 5 mL of sterile phosphate 

* 

bufifered saline (PBS) and gentle scrapii:^ of tho-^ur&ce of the agar with a sterile glass 
spreader. The resulting suspensions were .placed into sterile 10 mL plastic tubes, 
.vortexed for two minutes to disperse dumps and adjusted to aix absorbancQ of 0.6 at 625 
10 :nm with sterile PBS. This gave an approximate concentration of 1 x 10^ cells/mL, 
verified by pour plate. The cell suspension was diluted lO-fold to a dilution of 1 x 10"''- 
1 mL of each dilution was poured into a sterile petri dish and overlayed widi 20 mL 
sterile NA at 45*^. Tlie plates were swirled to disperse the C60 bacteria and allowed to 
set before being incubated at 2S*'C for 24 hours. The plates were examined and the. 

15 number of colonies counted, cojafiiming the relationship between 0.6 absoAance units at 
62S nm and 1 X 10^ cells/mL. 

The second method of preparing C60 suspensions began by inoculating 15 mL 
sterile nutrient broth Q^) with a loop-fiiU of C60. Broth cultures were inenbated at 
25''C for 24-48 hours and were harvested by ceutrifiigation at 4,000 rpm for 10 minutes. 

20 The si4>ematant was discarded and the C60 dells resuspended in 5 mL s^^ The 
absort>ance of the suspension was adjusted to 0.6 at 625 nm with sterile PBS, giving an 
approximate concentration of 1 x 10^ cells/mL. 

Frozen aliquots of stored C60 cultures wm prepared by inoculating 100 mL 
sterile nutrient broth (NB) with a fiesh inoouladng loop-fiill of C60 colomes and 
25 incubated at 25''C with shaking for 24 hours/ This starter cultoie was then added to 900 
mL sterile NB and further incubated at 25^C for 48 hours. Following incubation, 10 tnL 
aliquots of the Q60 suspension were aseptically transferred to sterile tubes and stored 
fiozm at -20**C. These aliquots were removed from storage^ thawed and added to 90 mL 
sterfle MB and incubated at 25°C for 24-4» hours to produce adiJitional C60 starter 
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cultures as required. C60 "bacteria were also stored on NA slopes at 4**C, and cultured 
fresh onto NA plates, using streaking technique prior to being harvested by glass spreader 
or inoculating into 1 5 niL MB. 

Both harvesting methods wiexe used ii^ comparison of inhibition of the growth of 
5 fungal pathogens. No difference was observed in the inhibition of pathogens between the 
C60 bactCTa derived fiom differmt haivestmg methods. 

Fungal pathogens were pr^ared by inoculating NA, potato dextrose agar (PDA)^ 
Sabaroud's agar (SAB) or V8 Juice + 0J2% C^CCh agar (V8) (20 Ml a^ per 90 nun 
diamet^ petri dish). Agar plates were inoculated with a phig of iimgas cut fi:om the 
10 growing edge of a colony of the fimgus using a sterile cork borer (7 nun diameter). The 
agar used fi>r each pathogw is listed in Table 5. The plates w^e edge wr^ed with 
Parafibn an4 ittcubated at 25°C. Afi^ a nuxtiber of days, as indicated in Table 5, plugs of 
fungus were cut fiom the growing colony 'and used to inoculate bioassay plates, or 
transferred to a sterile agar plate for preparation of additional fungal inoculum. 

15 

Table 5: Days of growth before harvesting fungal plugs for nse in bioassay 



Fungus 


Growth Period 
(days) 


Agar Used 


AspergiUus niger 


2 


NA 


Bipolaris sorokiniana 


3 


PDA 


Bpidermophyton 
flocossum 


5 


SAB 


Fuscarium eulmorum 


2 


FDA 


Fusarium graminearutn 


1 


PDA 


LeptosphaeHa maculems 


3 


V8 


Microsporum cants 


3 


SAB 


MiGfosponm gypseum 


3 


SAB 


Phomopsis viticola 


5 


PDA 


Pteochaeta setosa 


3 


PDA 
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Sclerotinia scierotiorum 3 PDA 

Trichophyton 3 SAB 

mentagrpphytes 

Trichophyton rubnan 5 SAB 

Trichophyton tonstirans 5 SAB 

. Fungal culntres were stored at 4^*0 on agar plates edge-wn^ped with Parafilm 

(agar type spedtfied in Table 5). Fiesh fungal colonies were subcultured every two 

weeks fix>m die stored plates to maintain viability. 

The in \dtro inhibition of pathogenic limgi was tested using a modified paired in 
S vitro djffiision bioassay. Briefly, inhibition of pathogenic fiingi in vitro was assessed on 
20 mL NA^ PDA, SAB, or V8 agar plates. 

Once the agar had solidified, plugs were cut 6x>m the edges of eadx agar plate 
using a 7imn cork borer as illustrated in Figure .3 and the resulting wells inoculated with 
100 (iL of the C60 bacterial suspension. Control wells contained 100 sterile PBS in 
1 0 place of the test bacterial suspension. 

After the addition of the C60 bacterial suspensioii or PBS to the wells, the plates 

« ■ 

were left at room tempmture fpr 16 hours to allow &e liquid to abfiorb into. the agar. 
Two mycelil plugs of 7 mm diameter were out jErom the margin of actively growing 
fungal colonies and inoculated onto the bioassay plate at equal distances (20 mm) fiom 

« 

15 each groiq>ing of wells, as indicated in Figure 3. The plates were sealed and incubated in 
darkness at 25^Q with the distance between edge of colony growth and the well 
measured daily. Three ind^endent rq3licates of each bacterial isolate and fimgiis 
combination and control fungal plates were prepared. 

Due to differences in growth rates of different fungal pathogens^ fimgal growth 
20 data was converted to relative percentage inliibition of growth as compared to the growth 
of fimgal colonies on control plates. Comparison of the sample means of fungal colony 
growth to growth of colonies on control plates was performed using an uxq>aired 
Student's t-tcst 
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The antifungal metabolites pipduced by C60 bacteria are able to inhibit a bro.ad 
.range of fungal pathogens, corresponding to several dififerent families of fungi and host 
* types as shown in Table 6. 

Table 6; Percentage inhibition of fimgal patiiogens by metabolites produced 
5 by live C60 bacteria 

Fungal PadiogeiB % Inhibition due to C60 Bacterial 

Aniger 89 ±2% 

B. sorokiniana . gg ± 4% 

K floccosum 9g ± 5% 
i^ culmorum 

graminearutn 32 ± 13% 

X- maculans Iqq ^ qj^ 

. Af. amis ^3 ^ 

M gypseum 9I ± 12% 

P. v/tf<3o/a 35 ±6% 

iSl sclerotiorum 53 -j. 5% 

r. mentagTQphytes . 92 ± 5% 

Zrubnm' 89±9% 

r. tonsurans 90 ± 11% 
The C60 bacteria exhibited a mftvin^nm inhibitory activity against JL maculans 
(100 ± 0%) and a Tnininium activity against F. graminearum (32 ± 13%). 

C60 bacteria wesre grown on nutrient Agar which was then centrifuged to product 
a cell-firee stqieraatant wfa£ch was tested for antifungal activity. The C60 bacterial isolate 
10 was heavily streaked onto 2 $qE>amtc natrientiagar plates and grown at 2S^C for 4 days. 

The agar containing the C60 bacferial growth was then homogenised and 
centrifuged at 17,000 ipm for IS minutes at lO^C The resulting C60 supematant was 
thexi passed tbroug^ a.0.22 yon filter to remove any C60 bacterial cells. The anti&ngal 
agent was held at temperatures ranging ftom 40**C to lOO^^C for 15 minutes. 



r 
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Three 7 mm . diameter wells were cut into each end of PDA plates. 100 fiL of 
,heated C60 supernatant solution was pipetted, into each well and allowed to diffuse into 
die agar until the well appeared diy {ovemight).Control plates consisted of homogenised 
-and filt^'ed nutrient agar that was not inoculated with any C60 bactetia. 

5 Two mycelial disks (7mm diameter) .of Gaeumamomyces graminis were Uxca 

inoculated 20 nun awayfiom the antifungal wells and incubated at 20^0. 

Inhibition was measured as mycelial ^ow& directly toward the antifungal wells 
-and maximum mycelial growth away from! the antifiu^al wells. All figures are an 
average of three replicate plates. 

10 Table? 

C«0 



T«QqieratDre 


'Max 


Min 


40°C 


80% 


70% 


50'C 


80% 


«% 




90% 


93% 


70*C 


90% 


77% 


80°C 


88% 


10% 


90°C 


88% 


50% 


lOO'C 


90% 


74% 



Figures represent the % inhibition in . mycelial growth of Gaeumahnomyces 
graminis. These results demonstrate that the antifungal agent produced by C60 is heat 
stable, indicating that it is not a protein. 

The inhibition of &e oiganisms listed in Table 8 by C60 cell-free filtrates was 
15 also examined. It was found that cell-fiee filtrates ftom C60 bacteria inhibited JC 
campestris. A zone of inhibition was considered to exist if the organism was unable to 
grow closer than 1 mm fiom the streak of test bacteria. The resuhs of inhibition due to 
live bacterial cells are detailed in Table 8. 

Table 8: Inhibition of bacteria and yeast by tike presence of C60 bacteria 
Microorganism Presence or Absence of Growth due to C$0 
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Alcaligens faecatts 

BadUtiS 
stearothermophilus 

Bacillus subtilis 

Escherichia coli 

Mycobacterium phleti 

Proteus mirabilis 

Pseudomonax 
aeruginosa 

Saccharomyces 
cerevisiae 

Salmonella enteritidis 
Serratia marcescens 
Shigella sonnel 

« 

Xanthomonas ' + 

campestris 

OniyX. campesirts was inhibited by C60. As a zone of inhibition was evident in 
the growth of X campesiris due to both colonies of the C60 bacteiia as well as aiound. 
cell-firee culture filtrate, C60 is likely to be producing compounds inhibitory to the 
growth of this bacteria. The smgile yeast species tested was not inhibited by either the 
5 presence of growiiiig C60 bacterial cultures nor the C60 cell-fiee filtrate. 

Example 3 Screening of biological control potential 

Screening was pcrfonned against a Race 1 P. dandestina isolate. 

P. dandestina was present in the pathogen pots at a 2.5% w/w (inoculum,i>eat 
moss/sand) concentration. The fin^ inoculum was grown on fine-grade vexxniculite 

10 (sieved through pore size 2 nun) amended with Black-eye Bean + 0.2% CaCoj Broth (2L 
of broth per 1 kg of vetnuculite) in 250 mL conical flasks for 3 weeks at 25^C. The 
colonised venniculite was uuifoimly incorporated into a steam pasteurised {60^0 for Ihr) 
potting mix (1:1 peat moss to river sand) at a rate of 2-5% (w/w). Ifainfested vermiculite 
soaked in black-eye bean broth was added' to the potting mix as a control ie, nil P, 

1 5 dandestina treatment 
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C60 was applied as a bacterial suspension soaked onto the lOOts of the P. 
clandestina susceptible cuWvar Woogenelliip- C60 bacterial suspension was prepared 
from two 24-48hr cultures streaked onto nutrient agar plates. The C60 bacteria were 
washed ofif each plate with 5 mL of sterile phosphate buffered saline and the resulting 1 0 
5 jmL C60 bacterial suspension placed into a stcbile loz. McCartney bottle. 60 genninated 
seeds (radicle ~ 2mni) of cv. Woogenellup w«ib then soaked overnight in C60 bacterial 
•suspension (--1 0*^ cells/mL) before sowing. 

AH screening was performed in 10cm 'black plastic pots with 3 replicate pots per 
treatment with a total of 10 non-bact^al or C60 bacterial treated seeds being sown per 
10 pot 

Treatments: 

i C60 bacteria only 
ii. C60 bacteria plus P. clandestina 
iiL Nil P. clandestina control 
15 iv. P, clandestina only control. 



y flooding with tap water for 2hrs by 
filling an outer contamer which holds eadi pot The pots were then flooded at weekly 
intervals. Disease suppression was assessed after 20 days growth in the glasshouse 

* • 

(tenq>erature noamtained between 15 to 25^C) usmg tilie following measuronents: 

« 

20 i) Survival: number of plants present in each not xlOO 

inimber of seeds sown in earfi pot (10) 

ii) Average fresh plant w^ght: Measured by washing the potting mix away 
from the roots of surviving seedlings and blotting dry with p^er toweling. 

Average fresh plant weight = fotal mass fme) of olauts 
2^ (P©^ poO numbo: of surviving plants 

iii) Average, dry plant weight: Seedlings were oven dried in sq>arate paper 
bags for the contents of each pot at 70'C for i days and then weighed. Average dry plant 
vei^t then calculated as per fresh plant wei^t 
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Average j&esh plant weight = Total dry mass fmg^ of plaats 
(per pot) number of surviving plants 

iv) Root disease index: Twenty days after sowing, which has been reported 
as sufBcient time tor P. ckmdestma to produce disease, the Gurviving seedlings were 
5 counted and rated for root rot sev^ty on the tap xoot% using a 0-*5 scale: 

0, tap root healthy; 

0.5, parts of tap root li^t brown; 

1 .0. whole root light brown; 

L5, part of foot brown; 

J 0 2.0, whole root brown; 

2.5, root brown with visible lesions; 

3.0, as for 2.5 with tip of the root coxistricted; 

3.5» root brown and stunted; 

4.0, root dark brown, discrete lesions may be present; 
1 S 4 J, root dark brown, tissues beguuung to slough off; 

5.0, whole root rotted off or seedling dead. 

The average percentage root disease index was then calcul^dsd using ttie method . 

sum of all numerical ;rgthy^ x f 00 
total xnmxber of inoculated plants x 5 

20 v) Additionally randomly selected root pieces firom each treatment weore 

surface-sterilised in 70% ethanol for 2-3 minutes and rinsed three times ia sterile 
deionised water. The root sections were th^ floated in sterile deionised water to induce 
the.forcnation of P. dandestina oospores and sporangia. The pres^ce of these structures 
in rot-affected tissue was therefore concluded to be evidence of P. clandestina being the 

25 jnimary cause of the observed root tot 
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Table 9: Summaiy of Glasshouse screeniag results against PCI 5 (Race 1 P. 

ciandestina) 



Treatment 


Survival 


fVesh Plant 


Dry Piant 




(%) 


We%ht (mg) 


Weight (ms) 


NUPcIS 


100 (-) 


308.6 (-) 


26.0 (-) 


Control 




Pc 15 Only 


73 (-) 


76.1 (-) 


7i(.) 


Ck>ntrol . 










93 (-7%) 


238.2 (-23%) 


17.4 (-33%) 


C60 + Pcl5 


. .77 (+5%) 


137.9 (+8i%) 


12.2 (+69%) 



. Figures in brackets repieseat percentage increase or decrease compared with the 
control. 

5 Referring to Table 9, it is evident that 'C60 bacteria sigoificdntly limit the severity 

of P. clandestina induced root rot of subtciranean clover. 

Example 4 Coating seedis with C60 bacteria 

C60 bacteria was coated as a concentrated bacterial suspension onto st^ilised 
seeds of cv. Woogenellup. Concentrated C60 bacterial suspension was prepared fix>m 

10 two 72hr cultures of C60 bacteria streaked onto nutrient agar plates. The C60 bacteria 
were washed off each plate with 5 mL of sterile phosphate bufiered saline and the 
resulting . lOxtxL C60 bacterial suspension ccntiifuged 5^000 xpm for S minutes to pellet 
die C60 bacteria. 60 surface sterilised seeds (70% etfaanol 10 minutes^ followed by 5 
washes wiifa sterile ddontsed water) were pteeed into each bacterial pellet along with 2 

IS mL of stmle 1% methyicellulose and some talcum powder. Tabes were then vigorously 
vortexed for 2 minutes to evenly coat seed. Coated seeds were Chen dried under a sterile 
continuous air flow (laminar flow hood) and broken up into individual coated seeds. C60 
bacterial counts were around 10^ cells per seed. (MB: Talcum powder prevmts the seeds 
becomxD^ one mass of seeds, that is^ it aids, in tihe s^aration of seeds). Control seeds 

20 consisted of 2 mL of sterile deionised water instead of a bacterial pellet. Seeds were then 
coated with methyicellulose and talcum powder as per seeds treated with bacterium- 
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Example 5: C60 bacterid liquid formulations 

Bacteria were grown in 2 x IL nutrimt btoth shake cultures at ZS^'C in a shaking 
jOrbital air jncabator (5 ipm shaking speed) forr9$ hours. 

Bacteria were then pelleted by pentrifiigation at 7,500 xpm at lO^'C. The xesulting 
- 5 bacterial pellet was then reconstituted up to 10 mL with stmle phosphate buffered saline 
.and vigorously voxtexed for 2 minutes to breakup the pdlet. 

S mL of the concentrated bacterial sus^^eusion was evcmly distributed (1.6 xflQL per 
t>ottle) ixito 3 xepUcate 400 xnL O.IM MgS04 sohitLons; These bacterial suspensions then 
served as the solutions for spray inoculation of the biological, control agents. The 
10 suspensions contained -^10^ cells per mL. 

Example 6; Field Trials 

Two sites: one inigatioii and one diyliand are selected for field trials. Both sites 
have been previously determined by soil baiting to contain moderately high levels of P. 
clandestina naturally present in the soil, 

15 3 replicate, 1 metre by !4 metre hand sown plots were established for eacb 

treatment Ten (SOcm long) rows (finrows) were scratched into each plot with 50 seeds 
being sown into each row (ie» total of 500 seeds per plot). The fidd trial was divided into 
three large rows with a 1 metre gap between;each row. One replicate of each treatm^t 
was randomly sown within each of these three rows. Plots wiUiin a row were separated 

20 iiom each other by a Kb metre gap. 

Bacterial biolo^cdl control agents were prqiared for the field trial according to 
Example 4 and Bxample S. 

Seeds to be sown, into each plot wctb dispensed into 10 separate sterile 10 mL 
tubes. The 50 seeds to be placed into each tube was measured using an average wra^t 
25 measurement for subclover seeds i^ 50 uncoated seeds « 0 Jg, whilst 50 seed coated 
seeds « 0.6-0.7g. Therefore, whm sowing the mini-plots for the field trial it was simply 
a matter of evenly sprinkling the contents (50 seeds) of an individual tube into each of 
the 10, fiiiTOWS within a plot- 
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Uncoated seed* were sown into each fmrow within a plot and evenly sprayed 
Jwith 400 raL of bacterial solution (bacteria in O.I M MgSOa) before covering over with 

m 

soil. The seeds coated with bacteria w^e sprinkled straight into the firaows before 
^covering with soil . 

5 Fungicide control treatment of seeds was included to assess the extent of root rot 

resident in the field site. The fungicide control consisted of sowing the seeds into each 
furrow within the plot before sprinkling 5g of Ridomil (active ingredient is metalaxyl) 
evenly over the 1 0 fhxrows and covering with soil. 

bisease si^pression by the three bact^a and ibe {iin^cide treatment was 
10 measured at 4 and 8 weelcs after sowing in terms of survival, root disease index, fi'esh 
and dry plant weights. The long term effects of bacteda on plant growth was assessed at 
8 months using a rising plate count 

Three rising plate counts were randomly taken witbin each plot. The average 
rising plate comt for the three xq)licate plots for each treatment could then be converted 
15 to a yield measurement using a standard curve of risizig plate hei^t versus dry weight 

Data is expressed as a % increase in dry plant wei^ oyer nil bacterial conttols. 
. ExdmpJo 7: Producing mutant strains of C60 bacteria 
Salt tolerance . 

20 Most bacteria prefer to grow in conditions of between 0.5% - 3% salt Salt 

concentrations of 10%-15% are inhibitory to the growth of most bacteria, exctuding 
halophiles. By growing C60 on agar with sufBcient nutrients and a salt concentration of 
around 3%« it is possible to select Tot those members of C60 that are tolerant of salt 
conditions in the upper limits. By selecting those colonies and inoculating fhem onto 

25 nutrient agar with higher salt concentration (say, 4%) tiiose C60 bacteria with higher salt 
tolerance can be incubated and grown. If 4% does not yield any colonies, it is possible to 
increase the concentration of salt in smaller mcrements, such as to 3.1% or 3.5%. When 
selecting tolerant colonies^ it is hnportant to test the bacteria for flie continued presence 
and relative strength of antifungal activity, as:such activity may be modified when grown 
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under thes« conditions. Over many generation?, it is possible to develop C60 bacteria that 
« 

possess antifungal activi^ atnd are c^pab)e of *gioMth under high osmotic pressure due to 
.the presence of salt 

UV tolerance, 

5 UV tolerance is achieved by ^posing C60 bacteria (spread onto agar plates using 

actively growing cultures) to v^ short dosos of UV radiation, then incubatiiig to see 
which colonies grow. This process is repeated over many generations to select for a 
tolerant muianL A difficulty with this approach may be that it may be necessary to induce 
enzyme mechanisms capable of repairing UV-tnduced damage to obtain UV tolerant 

10 < isolates. Also, esqsosnre to UV could trigger spore production and as such would not 
* induce UV tolerant mutants but rather induction of bacteria that are rapid spore formers. 

4 

An alternative iqyproach is to introduce the genetic sequonces used by UV tolerant 
bacteria to rnanufacture UV tolerance enzyme^ into C60 bv insertion 

Endospore production. 

15 It would be possible to select for those C60 bacteria that are more rapidly able to 

produce an endospore in order to protect themselves fifom enviroDmental damage. For 
trample, C60 bacteria cotild be grown in favourable conditions until die cells are 
actively growing, then rapidly altering those iconditLons to unfavourable (such as by the 
introduction of heat antibiotics^ UV, salts etc;). Remaining vegetative cells are sterilised^ 

20 (such as through pasteurisation or UV sterilisation) and samples are inoculated onto firesh 
media. By collectuig those colonies that aJ^ able to grow and repeating the process it 
would be possible to select those C60 bacteria that are more rapidly able to respond to 
unfavourable enviromnental chants by prodi^cing spores. 

Antibiotic Resistance. 

25 Antibiotic resistance could be induced by exposure of the C60 bacteria to sub- 

lethal concentrations of antibiotics for several generations of bacteriat followed by 
exposure of the surviving C60 bacteria to increasing levels of a given antibiotic. 



wo 2005/007833 PCT/AU2004/000962 

31 

Another , possible metbod of development of antibiotic resistance is to grow the 
C60 bacteria alongside a population of resistant bacteria with the resistance plasmids, to 
penrntplasmidtransfcar to occnr^ leading to antibiotic resistance. 

Finally, because resistance is oiten plasmid mediated, it is possible that such 
5 resistance could be genetically engineered by transforming the C60 bacteria through the 
insertion of a plasnud carrying resistance. 

Bacteria strain C60 was deposited w^th the Australian Government Analytical 
Laboratories at PO Box 385 Pyxnble, NSW 2073, Australia on 7 July 2003 and given 
Accession no. NMO3/367O0. 

10 Ii will be iOQtderstood that the inventioti disclosed and defined herein extends to all 

altematiye combinations of two or more of the individual features mentioned or evident 
from the text or drawings. All of diese Idifferent combinations ccmstitute various 
attemative aspects of the invention. 

■ 

The foregoing describes embodiments: of the present invention and modifications, 
15 obvious to those slcilied in tiie art can be made thereto, without departing from the scope 
Of the present invention. 



